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Purpose: To compare the outcomes of nephron-sparing options (e.g., partial neph- 
rectomy [PN]) and low-surgical-morbidity options (e.g., radical nephrectomy [RN]) in 
elderly patients with limited life expectancy. 

Materials and Methods We retrospectively reviewed 135 patients aged 70 years or old- 
er who underwent RN (n=82) or PN (n=53) for clinical Tl stage renal masses between 
January 2000 and December 2012. Clinicopathologic data were thoroughly analyzed 
and compared between the RN and PN groups. The modification of diet in renal disease 
equation was used to estimate glomerular filtration. Overall survival and cardiac 
events were assessed by using Kaplan-Meier survival analysis and Cox propor- 
tional-hazards regression modeling. 

Results: Over a median follow-up period of 59.72 months, 17 patients (20.7%) in the 
RN group and 3 patients (5.7%) in the PN group died. Chronic kidney disease ( < 60 
mL/min/1.73 m^) developed more frequently in RN patients than in PN patients (75.6% 
vs. 41.5%, p< 0.001). The 5-year overall survival rate did not differ significantly be- 
tween the RN and PN groups (90.7% vs. 93.8%; p=0.158). According to the multivariate 
analysis, the Charlson comorbidity index score was an independent predictor of overall 
survival (hazard ratio [HR], 2.679, p=0.037). T3^e of nephrectomy was not significantly 
associated with overall survival (HR, 2.447; p=0.167) or cardiac events (HR, 1.147; 
p=0.718). 

Condusions: Although chronic kidney disease was lower after PN, overall survival and 
cardiac events were similar regardless of type of nephrectomy. 

Keywords: Aged; Cardiovascular diseases; Kidney; Mortality; Nephrectomy 

This is an Open Access article distributed under tlie terms of the Creative Commons Attribution Non-Commercial 
License (http://creativecommons.Org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 



Article History: 

received 27 March, 201 4 
accepted 22 April, 2014 



Corresponding Author: 

Choung-Soo Kim 
Department of Urology, Asan 
Medical Center, 88 Olympic-ro 
43-gil, Songpa-gu, Seoul 138-736, 
Korea 

TEL: +82-2-3010-3734 
FAX: +82-2-477-8929 
E-mail: cskim@amc.seoul.kr 



INTRODUCTION 

The greatest increase in the incidence of renal cell carcino- 
ma (RCC) occurs in the later years of life, with the highest 
incidence reported in patients between 75 and 84 years of 
age (approximately 56 cases per 100,000 persons) [1,2]. 
Most cases of kidney cancer are found incidentally owing 
to the widespread use of cross-sectional imaging. This in- 
crease in incidence has results in stage migration. Today, 



most newly detected cancers are small renal masses at the 
time of diagnosis [3,4]. An observational study reported 
that active surveillance is associated with an increased 
risk of kidney cancer death among Medicare beneficiaries 
between 75 and 79 years of age and an attenuated differ- 
ence for patients aged 80 years or older in the United States 
[5] . Therefore, older patients with small renal masses re- 
quire surgical management. Extirpative surgery is the 
gold standard for treatment, and partial nephrectomy (PN) 
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is favored over radical nephrectomy (RN) because of equiv- 
alent oncologic control and the potential benefits of max- 
imum renal function and reduced cardiovascular sequelae 
[6,7] . However, surgically induced chronic kidney disease 
(CKD) is associated with a relatively low risk of progressive 
renal function decline, and survival does not appear to be 
substantially affected on intermediate-term follow-up ex- 
aminations [8]. Hence, it is difficult to determine if neph- 
ron-sparing options (such as PN) or easier surgical options 
(such as RN) benefit elderly patients with limited life 
expectancy. The goal of this study was to compare overall 
survival and cardiac events in older patients treated by RN 
or PN for clinical Tl stage renal masses. 

MATERIALS AND METHODS 

After Institutional Review Board approval was obtained 
from Asan Medical Center, data on patients who under- 
went nephrectomy for a clinical Tl stage renal mass be- 
tween January 2000 and December 2012 were retro- 
spectively analyzed. A total of 204 patients aged ^ 70 years 
were treated at our institution. Patients who received < 1 
year of follow-up examinations after our review (n=57) and 
patients who were initially diagnosed with metastatic le- 
sions (n=6) were excluded. Another 6 patients were ex- 
cluded because of decreased renal function before 
nephrectomy. The study population thus consisted of 135 
patients with a suspected clinical Tl stage renal mass at 
the initial evaluation. Patients in this cohort were treated 
by using either RN (n=82, 60.7%) or PN (n=53, 39.3%). 
Among patients who received PN, open (n=33, 62.2%), lap- 
aroscopic (n=10, 18.9%), or robot-assisted laparoscopic 
surgical modalities (n=10, 18.9%) were used as the initial 
treatments. In the RN group, open (n=28, 34.1%) or laparo- 
scopic modalities (n=54, 65.9%) were used. 

1. Management and foUow-up 

Initial management was selected by the patient and at- 
tending physician after considering tumor size, radio- 
graphic appearance, overall patient health, life expect- 
ancy, and available treatment options. Comorbidity was 
evaluated by using the Charlson comorbidity index. 
Cancer recurrence was determined according to the clin- 
ical and radiological findings. Oncological outcomes-in- 
cluding overall and cancer-specific survival-were obtained 
from the patient, medical, and electronic medical records 
and radiographic reports. In some instances, direct tele- 
phone calls to patients or their families were needed to ob- 
tain the required information. Recurrence was defined as 
any new soft-tissue masses > 10 mm that were previously 
undetected by computed tomography (CT); biopsy was not 
routinely performed to confirm the diagnosis. Local re- 
currence was defined as recurrent disease at the surgical 
site, whereas distant recurrence was defined as any evi- 
dence of disease outside the renal fossa, including visceral, 
bone, and Ituig metastases. 



2. EvalviaticHi of kidney functian 

Serum creatinine was measured by using standard labo- 
ratory methods 1 to 7 days before surgery and 
perioperatively. To calculate the estimated glomerular fil- 
tration rate (eGFR), postoperative serum creatinine levels 
were measured < 1 year after surgery. Patient age and sex 
were used to calculate the GFR by using the modification 
of diet in renal disease equation [9]. In accordance with the 
National Kidney Foundation guidelines for CKD, CKD was 
defined as an eGFR <60 mL/min/1.73 m^ (> stage 3) 
[10,11]. 

3. End points 

The primary end points of the analysis included cardiac 
events, cardiac deaths, and all-cause mortality after 
nephrectomy. Cardiac events included myocardial in- 
farction, ischemic stroke, transient ischemic attack, percu- 
taneous coronary intervention, coronary artery bypass 
graft surgery, cerebrovascular disease, and hospital- 
ization for the diagnosis of acute angina, congestive heart 
failure, coronary artery disease, or peripheral vascular dis- 
ease [12] . Cancer-specific mortality was attributed to pa- 
tients with evidence of renal cell cancer progression before 
death, and other cancer-specific mortality was attributed 
to patients with evidence of cancer progression before 
death. Cardiovascular-related deaths included deaths at- 
tributed to ischemic heart disease, congestive heart dis- 
ease, ischemic stroke, and peripheral vascular disease, 
whereas patient deaths by other causes were classified as 
other-cause mortality. Follow-up and all -cause mortality 
data were available through December 2013. Survival du- 
ration was calculated as the interval between the date of 
the surgical procedure and the date of mortality or last fol- 
low-up examination. 

4. Statistical analyses 

Parametric data are shown as the mean±standard 
deviation. The Student t-test was used to compare con- 
tinuous parametric data, and the chi-square and Fisher ex- 
act tests were used to compare the indicated data according 
to treatment type (RN vs. PN) and covariates. Overall sur- 
vival and cardiac events were estimated by using the 
Kaplan-Meier method. Univariate and multivariate anal- 
yses were used to evaluate all-cause mortality and cardiac 
events. Adjustments for prespecified clinical character- 
istics (e.g., age, sex, American Society of Anesthesiologists 
score) were performed by using Cox proportional-hazards 
modeling. Associations are provided as hazard ratios (HRs) 
and 95% confidence intervals (CIs). All statistical tests 
were two-tailed, with p-values < 0.05 considered statisti- 
cally significant. All analyses were performed by using 
IBM SPSS ver. 21.0 (IBM Co., Armonk, NY, USA). 

RESULTS 

The characteristics of our study patients who luiderwent 
RN or PN for suspected localized Tl renal masses are listed 
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in Table 1. Significant differences between most pretreat- 
ment variables indicated that treatment type was not even- 
ly distributed across these patients. For example, patients 
who underwent RN were older (74.8±3.4 years vs. 73.4±2.0 
years, p=0.008) and were diagnosed with larger tumors 
(4.44±1.3 cm vs. 2.42±0.89 cm, p< 0.001) than were 
PN-treated patients. There was no significant pre- 
operative between-group difference in eGFR (67.77±22.9 
mL/min/1.73 ravs. 69.42±22.1 mL/min/1.73 m^ p=0.682), 
but postsurgical eGFR was reduced to a significantly great- 
er extent in the RN group than in the PN group (47.54±14.7 
mL/min/1.73 m^ vs. 61.98±20.3 mL/min/1.73 m^ re- 
spectively, p < 0.001). A total of 116 conventional, 10 papil- 
lary, 3 unclassified, and 6 benign tumors (5 oncocytoma and 
1 angiomyolipoma) were diagnosed. According to the 
Fuhrman nuclear grading system, 77 patients had grade 
1 to 2 tumors (42 RN patients [51.2%] vs. 35 PN patients 
[66.0%]) and 58 patients had grade 3 to 4 tumors (40 RN 
patients [48.8%] vs. 18 PN patients [34.0%]). In terms of 



previous medical history, hypertension had been diag- 
nosed in 48 RN patients (58.5%) and 40 PN patients 
(75.5%), but no statistically significant difference was de- 
termined between the groups. There was also no sig- 
nificant difference between the groups in terms of the in- 
cidence of preoperative cardiovascular disease (7 RN pa- 
tients [8.5%] vs. 8 PN patients [15.1%]). The median fol- 
low-up duration was 56.20 months (mean, 59.72 months; 
range, 15.60-159.00 months). 

Overall, 20 patients (14.8%) died during the study 
period. Three deaths were attributed to cancer-specific 
death. In seven patients, the deaths were attributed to oth- 
er cancer deaths (1 prostate cancer, 1 bladder cancer, 3 liver 
cancer, 1 lung cancer, and 1 lymphoma). Four deaths were 
attributed to cardiovascular death. Three deaths were at- 
tributed to renal failure-induced death, and three deaths 
were attributed to other causes. Cancer recurrence was de- 
tected in 6 patients (4.4%), including 3 patients with deaths 
that were attributed to RCC and 3 patients who survived 



Table 1. Characteristics of the study patients of 70 years and older with renal masses 



Variable Radical nephrectomy Partial nephrectomy p-value 

No. of patients 82 53 

Age(y) 74.83±3.4 73.40±2.1 0.008 

Male sex 55(67.1) 45(84.9) 0.027 
Past medical history 

Hypertension 48(58.5) 40(75.5) 0.064 

Cardiovascular disease 7(8.5) 8(15.1) 0.270 

Diabetes 18(22.0) 14(26.4) 0.679 

Operative method < 0.001 

Open 28 (34.1) 33 (62.2) 

Laparoscopy 54 (65.9) 10 (18.9) 

Robot-assisted laparoscopy 0 (0) 10 (18.9) 

Charlson index 0.181 

0- 1 49 (59.8) 25 (47.2) 
^2 33(40.2) 28(52.8) 

Preoperative eGFR (mL/min/1.73 m^) 67.77±22.9 69.42±22.3 0.682 

Preoperative CKD stage ^3 32(39.0) 14(26.4) 0.142 

Tumor size (cm) 4.44±1.3 2.42±0.89 < 0.001 

Clinical T stage < 0.001 

Tla 33 (40.2) 51 (96.2) 

Tib 49 (59.8) 2 (3.8) 

Histology 0.768 

Clear cell 72 (87.8) 44 (84.9) 

Papillary 4 (4.9) 6 (9.4) 

Others 2 (2.4) 1 (1.9) 

Benign 4 (4.9) 2 (3.8) 

Fuhrman nuclear grade 0.064 

1- 2 42 (51.2) 35 (66.0) 
3-4 40 (48.8) 18 (34.0) 

1-Year postoperative eGFR (mL/min/1.73 m^) 47.54±14.7 61.98±20.3 < 0.001 

Postoperative CKD stage > 3 58(70.7) 23(43.4) 0.002 

Renal cell cancer recurrence 5(6.1) 1(1.9) 0.403 

Death attributed to kidney cancer 3(3.7) 0(0) 0.279 

Follow-up duration ofliving patients (mo) 64.41±34.00 52.47±26.06 0.031 



Values are presented as mean±standard deviation or number (%). 
eGFR, estimate glomerular Alteration rate; CKD, chronic kidney disease. 
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with distant metastases. 

CKD was diagnosed in 34.1% of patients before surgery 
and 60.0% of patients after surgery. A greater median re- 
duction in the eGFR occurred after RN (28.3%) relative to 
PN (9.9%), resulting in a much larger proportion of patients 
with newly diagnosed CKD after RN (44.3%) than after PN 
(18.4%). After surgery, 9 patients were newly diagnosed 
with cardiovascular disease (6 RN patients vs. 3 PN pa- 
tients) and 2 patients developed recurrent cardiovascular 
disease (1 RN patient vs. 1 PN patient). 

The Kaplan-Meier curves between the RN and PN 
groups are shown in Fig. 1. Estimates of overall survival 
are shown in Fig. lA, and the Kaplan-Meier curves show 
the overall survival difference according to type of surgery. 
Kaplan-Meier estimates of 5-year overall survival for pa- 
tients with a clinical Tl stage renal mass who received RN 



or PN were 90.7% (95% CI, 77-91) and 93.8% (95% CI, 80- 
98), respectively. Fig. IB shows cardiac-event-free surviv- 
al stratified by type of surgery. In the PN group, the 5-year 
probability of freedom from cardiac events was 66.3%; in 
the RN group, the probability was 62.9%. 

To evaluate the effects of management type on overall 
survival while still controlling for potential confounding 
covariates within each treatment group, we performed 
multivariate Cox proportional-hazards analysis (Table 2). 
The Charlson comorbidity index was a significant pre- 
dictor of mortality, demonstrating an HR value of 2.697 
(95% CI, 1.063-6.841) for preoperative status (p=0.037). 
Surgical method (p=0.089), tumor size (p=0.797), pre- 
operative CKD (p=0.474), and postoperative eGFR 
(p=0.178) were not associated with overall survival accord- 
ing to the univariate and multivariate Cox propor- 
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Fig. 1. Kaplan-Meier survival curves comparing radical nephrectomy vs. partial nephrectomy. (A) Overall survival, (B) cardiac 
events. 



Table 2. Univariate and multivariate Cox regression models for predicting overall survival 



Univariate analysis Multivariate analysis 

Variable 

HR 95% CI p-value HR 95% CI p-value 



Age 


0.992 


0.857-1.148 


0.914 








Sex (female vs. male) 


0.698 


0.252-1.928 


0.487 








Charlson group (0-1 vs. ^2) 


2.320 


0.923-5.830 


0.073 


2.697 


1.063-6.841 


0.037 


Operative method (radical vs. partial) 


2.422 


0.699-8.393 


0.163 


2.958 


0.847-10.332 


0.089 


Past medical history 














Hypertension 


1.377 


0.527-3.597 


0.514 








Cardiovascular disease 


2.110 


0.597-7.456 


0.246 








Diabetes 


1.138 


0.436-2.972 


0.791 








Tumor size 


1.214 


0.924-1.594 


0.165 


1.048 


0.733-1.499 


0.797 


T stage (Tla vs. Tib) 


1.026 


0.412-2.530 


0.955 








Fuhrman nuclear grade (1-2 vs. 3-4) 


0.401 


0.160-1.005 


0.715 








Histology (clear cell vs. other) 


0.971 


0.127-7.421 


0.978 








Preoperative eGFR 


0.993 


0.972-1.015 


0.515 








Postoperative eGFR 


0.983 


0.965-1.002 


0.079 


1.013 


0.979-1.048 


0.474 


Preoperative CKD (no vs. yes) 


2.500 


0.979-6.386 


0.055 


1.927 


0.742-5.006 


0.178 


Postoperative CKD (no vs. yes) 


1.349 


0.534-3.407 


0.526 









HR, hazard ratio; CI, confidence interval; eGFR, estimate glomerular filteration rate; CKD, chronic kidney disease. 
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Table 3. Univariate and multivariate Cox regression models for predicting cairdiac events 







Univariate analysis 






Multivariate analysis 




HR 


95% CI 


p-value 


HR 


95% CI ] 


p-value 


Age 


0.936 


0.824-1.064 


0.312 








Sex (female vs. male) 


0.741 


0.321-1.712 


0.483 








Charlson group (0-1 vs. ^2) 


1.503 


0.778-2.903 


0.225 


1.143 


0.528-2.477 


0.734 




1.137 


0 567-2 281 


0.718 


0.884 


0 431-1 816 


0.738 


Past medical history 














H3rpertension 


2.495 


1.082-5.754 


0.032 


2.350 


1.017-5.430 


0.046 


Cardiovascular disease 


2.560 


1.106-5.929 


0.028 


1.403 


0.560-3.519 


0.470 


Diabetes 


1.913 


0.968-3.783 


0.062 








Tumor size 


1.180 


0.953-1.460 


0.129 








Clinical T stage (Tla vs. Tib) 


0.842 


0.429-1.654 


0.618 








Preoperative CKD (no vs. yes) 


2.769 


1.365-5.620 


0.005 


2.611 


1.293-5.273 


0.007 


Postoperative CKD (no vs. yes) 


1.684 


0.791-3.587 


0.176 


0.999 


0.366-2.726 


0.999 



HR, hazard ratio; CI, confidence interval; CKD, chronic kidney disease. 



tional-hazards analyses. 

In total, 36 patients experienced at least 1 cardiac event 
after nephrectomy, including 24 patients (29.3%) in the RN 
group and 12 patients (22.6%) in the PN group. According 
to the multivariate analysis, preoperative CKD and his- 
tory of hypertension were the most significant factors asso- 
ciated with cardiac events (HR, 2.611; 95% CI, 1.293-5.273; 
p=0.007; and HR, 2.350; 95% CI, 1.017-5.430; p=0.046, re- 
spectively) (Table 3). The risk of experiencing a cardiac 
event was greater in the RN group than in the PN group, 
but this finding was not statistically significant (HR, 1. 137; 
p=0.718). 

DISCUSSION 

Despite the potential benefits of PN, population-based da- 
ta suggest that adoption of PN has been slow [13]. PN repre- 
sented < 25% of all kidney cancer surgeries in 2008 [13], 
perhaps because of the technical challenges associated 
with performing this surgery on complex tumors and the 
fear of complications in physically frail patients [14] . 

PN was initially reserved for treating renal masses in pa- 
tients at high risk of developing renal failure after kidney 
surgery. In a randomized prospective phase III trial. Van 
Poppel et al. [15] reported equivalent oncological outcomes 
after PN and RN and suggested that PN be considered an 
acceptable approach for treating small asymptomatic 
RCC. Most especially, because patients are living longer, 
factors that place a patient at risk of CKD-associated mor- 
bidity and mortality must be considered. Decreased renal 
fimction is associated with increased risk of cardiovascular 
death [12] , which is the leading cause of mortality in elderly 
patients. In a population-based competing-risk analysis, 
HoUingsworth et al reported that competing causes of mor- 
tality account for 28% of elderly patient deaths (age ^70 
years) and concluded that active surveillance might be a 
reasonable strategy for treating some tumors [16] . Most re- 
cently, using data from the Surveillance, Epidemiology, 



and End Results cancer registry, which includes Medicare 
claims, Huang et al. [17] reported that RN is associated 
with an increased risk of death and cardiovascular events 
after surgery. Surgical candidates with preexisting CKD 
are at the highest risk for end-stage renal disease and stand 
to benefit the most from PN because RN could result in 
more extensive nephron loss and worse predicted 
outcomes. According to studies performed on a heteroge- 
neous population of patients aged ^75 years, inter- 
ventions for clinical Tl stage RCC are not associated with 
improvement in overall survival because advanced age and 
comorbidity burden are associated with death from any 
cause, and the most common cause of death was car- 
diovascular [18]. 

In a previous study on CKD after surgery, surgically in- 
duced CKD was associated with a relatively low risk of pro- 
gressive renal fiinctional decline, and the impact on surviv- 
al did not appear to be substantial [8]. Therefore, pre- 
operative renal function is an important factor to consider 
along with other patient and tumor characteristics when 
choosing the type of nephrectomy to perform (i.e., partial 
or radical) [19]. Our current data confirm that post- 
operative renal function was poorer in the RN group than 
in the PN group, but there was no statistically significant 
difference between the RN and PN groups in terms of over- 
all survival. We found no significant differences between 
groups in terms of medical history; most notably, there 
were no differences in cardiovascular disease. Before loss 
to follow-up, we noted that 4 patients postoperatively de- 
veloped cardiovascular disease (3 RN patients [2.6%] vs. 1 
PN patient [2%], p=0.821), and only 2 patients died of car- 
diovascular disease (1 in each group). 

Few studies evaluate eGFR or the risk of outcomes in the 
general population in terms of kidney function. The 
National Health and Nutrition Examination Survey 
Epidemiologic Follow-up Study (1992, 18-year follow-up) 
did not determine a significant association between eGFR 
of 30-60 mL/min/1.73 m^, risk of death from any cause, or 
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death from cardiovascular causes [20] . The authors of the 
National Health and Nutrition Examination Survey I 
study explained that the association between moderate re- 
nal insufficiency and cardiovascular disease, as reported 
in other epidemiologic studies, appears to result from the 
co-occurrence of renal insufficiency and other traditional 
cardiovascular disease risk factors. 

In the last decade, PN has been more widely adopted and 
surgical techniques have been modified to reduce the risk 
of complications, ease convalescence, and better preserve 
the functions of the remnant kidney [21-23]. Others have 
noted the underutilization of PN in older patients and have 
reported age as an independent predictor of radical surgery 
over PN in large populations, despite control for comorbid- 
ities [17] . This indicates that absolute age remains an in- 
appropriately important factor in the decision-making 
process. In some cases, a high Eastern Cooperative 
Oncology Group score and high Charlson comorbidity in- 
dex, rather than age, were associated with increased com- 
plications [24] . In comparison with the outcomes of laparo- 
scopic, open RN, and open PN, our complication rates were 
similar to those reported in younger patients [25,26]. Some 
general population evaluations also report a higher rate of 
procedure-related complications after PN than after RN 
[27,28]. Interpreting published complication rates after 
these procedures is made even more difficult by the pres- 
ence of strong selection biases. The true morbidity asso- 
ciated with RN and PN in elderly patients and in patients 
with significant comorbidities may be greater than that 
suggested in the literature, which tends to report results 
from highly specialized tertiary referral centers [29]. 
Therefore, RN is a possible treatment for clinical stage Tl 
renal masses in patients > 70 years of age. 

There were several limitations to our present study. 
First, this was a retrospective study, which leads to an in- 
herent selection bias that cannot be overcome. Another 
limitation of the present study was the between-group dif- 
ferences in follow-up duration and the short duration of the 
foUow-up period. Last, we could not fully evaluate the cause 
of death in some patients, which could have biased our eval- 
uations of mortality and cardiovascular-induced death. 

CONCLUSIONS 

Although the rate of CKD is lower in patients who receive 
PN than in those who receive RN, these two approaches 
demonstrate similar overall survival outcomes when used 
to treat RCC in older patients. For clinical stage Tl masses, 
RN might be an effective surgical treatment for older pa- 
tients regardless of their CKD status before surgery. 
Evaluations of any underlying morbidities and provision 
of individualized consultations of the risks and benefits of 
each surgical modality are required before selecting the 
surgical method and treating RCC in older patients. 

CONFLICTS OF INTEREST 

The authors have nothing to disclose. 



REFERENCES 

1. Roos FC, Hampel C, Thuroff JW. Renal cancer surgery in the 
elderly. Curr Opin Urol 2009;19:459-64. 

2. Katz DL, Zheng T, Holford TR, Flannery J. Time trends in the in- 
cidence of renal carcinoma: analysis of Connecticut Tumor 
Registry data, 1935-1989. Int J Cancer 1994;58:57-63. 

3. Mathew A, Devesa SS, Fraumeni JF Jr, Chow WH. Global in- 
creases in kidney cancer incidence, 1973-1992. Eur J Cancer Prev 
2002;11:171-8. 

4. Kane C J, Mallm K, Ritchey J, Cooperberg MR, Carroll PR. Renal 
cell cancer stage migration: analysis of the National Cancer Data 
Base. Cancer 2008;113:78-83. 

5. Patel HD, Kates M, Pierorazio PM, Hyams ES, Gorin MA, Ball 
MW, et al. Survival after diagnosis of locahzed Tla kidney cancer: 
current population-based practice of surgery and nonsurgical 
management. Urology 2014;83:126-32. 

6. Pettus JA, Jang TL, Thompson RH, Yossepowitch O, Kagiwada 
M, Russo P. Effect of baseline glomerular filtration rate on surviv- 
al in patients underling partial or radical nephrectomy for renal 
cortical tumors. Mayo CHn Proc 2008;83:1101-6. 

7. Weight C J, Larson BT, Fergany AF, Gao T, Lane BR, Campbell 
SC, et al. Nephrectomy induced chronic renal insufficiency is as- 
sociated with increased risk of cardiovascular death and death 
fi-om any cause in patients with localized cTlb renal masses. J 
Urol 2010;183:1317-23. 

8. Lane BR, Campbell SC, Demirjian S, Fergany AF. Surgically in- 
duced chronic kidney disease may be associated with a lower risk 
of progression and mortahty than medical chronic kidney disease. 
J Urol 2013;189:1649-55. 

9. Stevens LA, Coresh J, Greene T, Levey AS. Assessing kidney func- 
tion-measured and estimated glomerular filtration rate. N Engl 
J Med 2006;354:2473-83. 

10. Goolsby MJ. National Kidney Foundation Guidelines for chronic 
kidney disease: evaluation, classification, and stratification. J 
Am Acad Nurse Pract 2002;14:238-42. 

11. Levey AS, Eckardt KU, Tsukamoto Y, Levin A, Coresh J, Rossert 
J, et al. Definition and classification of chronic kidney disease: a 
position statement fi^m Kidney Disease: Improving Global 
Outcomes (KDIGO). Kidney Int 2005;67:2089-100. 

12. Go AS, Chertow GM, Fan D, MeCuUoch CE, Hsu CY. Chronic kid- 
ney disease and the risks of death, cardiovascular events, and 
hospitalization. N Engl J Med 2004;351:1296-305. 

13. Patel SG, Penson DF, Pabla B, Clark PE, Cookson MS, Chang SS, 
et al. National trends in the use of partial nephrectomy: a rising 
tide that has not hfted aU boats. J Urol 2012;187:816-21. 

14. Sivarajan G, Huang WC. Current practice patterns in the surgical 
management of renal cancer in the United States. Urol Chn North 
Am 2012;39:149-60. 

15. Van Poppel H, Da Pozzo L, Albrecht W, Matveev V, Bono A, 
Borkowski A, et sd. A prospective randomized EORTC intergroup 
phase 3 study comparing the complications of elective neph- 
ron-sparing surgery and radical nephrectomy for low-stage renal 
ceU carcinoma. Eur Urol 2007;51:1606-15. 

16. HoUingsworth JM, MiUer DC, Daignault S, Hollenbeck BK. 
Rising incidence of small renal masses: a need to reassess treat- 
ment effect. J Natl Cancer Inst 2006;98:1331-4. 

17. Huang WC, Elkin EB, Levey AS, Jang TL, Russo P. Partial neph- 
rectomy versus radical nephrectomy in patients with small renal 
tumors: is there a difference in mortality and cardiovascidar out- 
comes? J Urol 2009;181:55-61. 

18. Lane BR, Abouassaly R, Gao T, Weight CJ, Hernandez AV, Larson 



Korean J Urol 2014;55:446-452 



452 



Kyung et al 



BT, et al. Active treatment of localized renal tumors may not im- 
pact overall survival in patients aged 75 years or older. Cancer 
2010;116:3119-26. 

19. Lane BR, Babineau DC, Poggio ED, Weight CJ, Larson BT, Gill 
IS, et al. Factors predicting renal functional outcome after partial 
nephrectomy. J Urol 2008;180:2363-8. 

20. Garg AX, Clark WF, Haynes RB, House AA. Moderate renal in- 
sufficiency and the risk of cardiovascular mortality: results from 
the NHANES I. Kidney Int 2002;61:1486-94. 

21. Dulabon LM, Lowrance WT, Russo P, Huang WC. Trends in renal 
tumor surgery delivery within the United States. Cancer 
2010;116:2316-21. 

22. Cooperberg MR, Mallin K, Kane CJ, Carroll PR. Treatment 
trends for stage I renal cell carcinoma. J Urol 2011;186:394-9. 

23. Lane BR, Russo P, Uzzo RG, Hernandez AV, Boorjian SA, 
Thompson RH, et al. Comparison of cold and warm ischemia dur- 
ing partial nephrectomy in 660 solitary kidneys reveals predom- 
inant role of nonmodifiable factors in determining ultimate renal 
function. J Urol 2011;185:421-7. 



24. O'Malley RL, Hayn MH, Hellenthal NJ, Kim HL, Underwood W 
3rd, Schwaab T. Safety and outcomes of surgical treatment of re- 
nal cell carcinoma in the elderly. Can J Urol 2012;19:6111-7. 

25. Staehler M, Haseke N, Stadler T, Bader M, Karl A, Becker A, et 
al. Renal surgery in the elderly: morbidity in patients aged > 75 
years in a contemporary series. BJU Int 2008;102:684-7. 

26. Varkarakis I, Neururer R, Harabayashi T, Bartsch G, Peschel R. 
Laparoscopic radical nephrectomy in the elderly. BJU Int 
2004;94:517-20. 

27. Stephenson AJ, Hakimi AA, Snyder ME, Russo P. Complications 
of radical and partial nephrectomy in a large contemporary 
cohort. J Urol 2004;171:130-4. 

28. Gorman JM, Penson DF, Hur K, Khuri SF, Daley J, Henderson W, 
et al. Comparison of complications after radical and partial neph- 
rectomy: results from the National Veterans Administration 
Surgical Quality Improvement Program. BJU Int 2000;86:782-9. 

29. Abouassaly R, Alibhai SM, Tomlinson GA, Urbach DR, FineUi A. 
The effect of age on the morbidity of kidney surgery. J Urol 
2011;186:811-6. 



Korean J Urol 2014;55:446-452 



